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Muscle-strengthening exercise (use of weight machines, free weights, push-ups, sit-ups),
has multiple independent health benefits, and is a component of the Global physical activity
guidelines. However, there is currently a lack of multi-country muscle-strengthening exer-
cise prevalence studies. This study describes the prevalence and correlates of muscle-
strengthening exercise across multiple European countries.
Methods
Data were drawn from the European Health Interview Survey Wave 2 (2013–14), which
included nationally representative samples (n = 3,774–24,016) from 28 European countries.
Muscle-strengthening exercise was assessed using the European Health Interview Survey
Physical Activity Questionnaire. Population-weighted proportions were calculated for (1)
“insufficient” (0–1 days/week) or (2) “sufficient” muscle-strengthening exercise (�2 days/
week). Prevalence ratios were calculated using multivariate Poisson regression for those
reporting sufficient muscle-strengthening by country and by sociodemographic/lifestyle
characteristics (sex, age, education, income, self-rated health etc.).
Results
Data were available for 280,605 European adults aged�18 years. Overall, 17.3% (95%
CI = 17.1%-17.5%) reported sufficient muscle-strengthening exercise (�2 days/week).
Muscle-strengthening exercise was geographically patterned with the lowest prevalence
reported in South-eastern European countries (Romania, Malta and Cyprus: range: 0.7%-
7.4%), and the highest prevalence in the Nordic countries (Iceland, Sweden, and Denmark:
range: 34.1%-51.6%). Older age, insufficient aerobic activity, poorer self-rated health, lower
income/education, being female, and being overweight/obese were significantly associated
with lower likelihood of reporting sufficient muscle-strengthening exercise, independently of
other characteristics.
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Conclusions
Most European adults do not report sufficient muscle-strengthening exercise, and preva-
lence estimates varied considerably across countries. Low participation in muscle-strength-
ening exercise is widespread across Europe, and warrants public health attention.
Introduction
Chronic disease prevention is a key global health challenge [1]. Among European countries,
chronic diseases such as diabetes, cardiovascular disease, cancer, chronic respiratory disease
and mental disorders contribute to 86% of the deaths and 77% of the disease burden [2]. Physi-
cal inactivity is a key modifiable risk factor for the prevention and management of chronic
diseases [3–5]. The evidence supporting physical activity for chronic disease prevention is pre-
dominately based on studies examining the health benefits of regular moderate-to-vigorous
intensity aerobic physical activity (MVPA; e.g. walking, running or cycling) [6].
More recently, epidemiological and clinical evidence has shown that engagement in mus-
cle-strengthening exercise (MSE; resistance training using free or machine weights, elastic
bands, or own body weight), has multiple, independent and unique health benefits [7–9]. In
brief, recent evidence from prospective cohort studies has shown that MSE decreases the risk
of all-cause mortality [8, 10, 11], incidence of diabetes [12, 13], colon/kidney cancer [14], car-
diovascular disease [15] and gains in waist circumference [16]. In addition, meta-analyses of
short-duration (6–12 weeks) clinical exercise interventions indicate that MSE increases skeletal
muscle mass/strength [17–19], bone mineral density [20, 21], the ability to perform activities
of daily living [22], improves cardiometabolic health [7, 9] and reduces symptoms of anxiety/
depression [23, 24].
Notably, from a public health perspective, many studies have demonstrated the benefits of
MSE as being independent of, or in some cases more effective than, aerobic MVPA [7, 17, 23,
25]. In particular, MSE has been shown to have unique benefits on emerging health conditions
of relevance to public health, such as sarcopenia (i.e. loss of muscle mass) [26], maintenance of
physical function/prevention of falls [27, 28] and declines in cognitive functioning [29, 30].
This is significant when considering the global demographic trend of an aging population [31]
and that declines in muscle mass/function and cognitive function are anticipated to be leading
21st century public health issues [26–28, 32].
Despite its multiple, unique and independent health benefits, compared to aerobic MVPA,
MSE has garnered limited attention in physical activity epidemiology, and more broadly in
health promotion [33]. In Europe for example, data on the prevalence and correlates of MSE is
limited to a few high-income countries. Individual studies among population-representative
samples estimate that 17.2% of Finnish [34] and ~24.0% of U.K [35, 36] report meeting the
MSE guideline of two or more sessions a week [37]. The vast discrepancies in MSE prevalence
estimates observed in the limited European data are likely due to a difference in questionnaire
items and data collection methods implemented across individual studies [33, 38]. A technical
report from the European Health Interview Survey (EHIS Wave 2) provides a broad overview
of MSE guideline adherence across multiple European countries [39]. However, key limita-
tions of that report were first, MSE guideline adherence was not presented across key sociode-
mographic/lifestyle factors (e.g. age, income, education, self-rated health, body mass index),
and second, a multivariable analysis was not conducted.
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To our knowledge, there has been no study reporting on the descriptive epidemiology
of MSE simultaneously across multiple European counties using a harmonised assessment
instrument across multiple population sub-groups. Research on cross-country comparisons of
physical activity-related behaviours using a consistent methodological approach is important
because it provides international and national public health policy makers with information
on trends and geographical patterns of such behaviours [40]. This research is vital to identify
populations most ‘at risk’, and subsequently inform approaches to support the uptake/adher-
ence of MSE, which is a key but under promoted health-related behaviour [33, 36].
The aim of this study is to describe the prevalence and sociodemographic correlates of MSE
among nationally representative samples of adults from 28 European countries, and to report
on between- and within-country variations.
Materials and methods
Sample
Data were drawn from the European Health Interview Survey (EHIS Wave 2), conducted
between 2013 and 2014. In brief, the EHIS Wave 2 was commissioned by the European Union,
with the purpose of measuring on a harmonised basis the health status, health determinants
and limitations in access to health care services of European Union citizens [41]. Since a com-
prehensive overview of the development and methodology of the EHIS Wave 2 is available
elsewhere [41], we will only briefly describe the key elements relevant to the current study.
Data for the EHIS Wave 2 was collected by national surveys conducted individually within
each participating country. Before data collection, the study was reviewed and approved by the
ethical committees within individually each participating country. As this investigation was
conducted on a de-identified public-use pooled data-set, we do not have access to each the eth-
ics committee/IRB that approved each data collection. Further information on details of the
ethical approval from each participating country can be obtained from: https://ec.europa.eu/
eurostat/web/european-statistical-advisory-committee-esac/contact.
The EHIS Wave 2 included a multi-stage sampling technique designed to recruit nationally
representative samples from participating European Union countries. S1 Table provides an
overview of the final sample size for each EHIS Wave 2 participating country. Data were col-
lected via a combination of computer-assisted web-based, face-to-face, computer-assisted tele-
phone interviews. S2 Table shows the mode of data collection available for each EHIS Wave 2
participating country. Participants were invited in the first invitation letter to participate via
the web-based EHIS Wave 2, and informed that they will receive paper EHIS Wave 2 if they
have not participated by web mode within four weeks. The letter included a URL and a unique
log-in code to access the informed consent form and the EHIS Wave 2-Web online, as well as
detailed information on the purpose and contents of the study and the data protection and
confidentiality procedures. The letter also offered an opportunity to refuse participation by
telephone, e-mail, fax or mail. The governmental health departments responsible for data col-
lection within each EHIS Wave 2 participating county recorded participant consent using a
standardised data collection form. All study materials were securely stored by each health
department.
Sample sizes within countries ranged from 3,774 (Iceland) to 24,016 (Germany) with a total
of 316,333 participants, including adolescents (15–17 years) and adults (18 years and older),
initially responding. The response rate was <50% in five countries (Denmark, Germany,
Luxembourg, Austria, Finland), while in Cyprus and Portugal the response rate was >90%. S1
Fig provides an overview of the response rates for each EHIS Wave 2 participating country.
Detailed information on the EHIS Wave 2 response rates is accessible elsewhere [42].
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Data inclusion/exclusion
In the current study, we excluded those aged<18 years (9,453, 3.0% of the original sample),
and those who did not respond to the MSE item (10,808, 3.8% of the original sample). Since
MSE was not assessed within the data collection from Belgium and Netherlands, we excluded
respondents from these countries. Consistent with previous studies [43, 44], to increase gener-
alisability we did not apply any further inclusion/exclusion criteria.
Muscle-strengthening exercise
Self-reported MSE was assessed using the European Health Interview Survey Physical Activity
Questionnaire (EHIS-PAQ) [45]. The EHIS-PAQ was specifically developed for the EHIS
Wave 2, and has been shown to be a reliable and valid physical activity assessment tool for use
in public health surveillance. An overview of the development, design and psychometric test-
ing of this instrument has been described elsewhere [45].
To assess participation in MSE, respondents were asked, “In a typical week, on how many
days do you carry out physical activities specifically designed to strengthen your muscles such as
doing resistance training or strength exercises? Include all such activities even if you have men-
tioned them before.”. Respondents were prompted to consider a range of MSE-related modali-
ties, such as strength exercises (using weights, elastic band, own body weight, etc.), resistance
training, push-ups (press-ups) and knee bends (squats). The EHIS-PAQ MSE item has shown
to have ‘fair’ test-retest reliability (ICC = 0.55) [45], and a comparable item has shown evi-
dence of construct validity, using the ‘two or more MSE times/week’ threshold against all-
cause mortality [46].
According to the global physical activity guidelines [37], participants were dichotomised as
either; [i] ‘sufficient MSE’ (�2 days/week), or [ii] ‘insufficient MSE’ (0–1 days/week).
Country, sociodemographic and lifestyle variables
MSE levels were compared across the 28 EHIS Wave 2 participating countries. Sociodemo-
graphic and lifestyle variables were assessed using standard survey items. The background,
development, and justification of all EHIS Wave 2 survey items have been previously described
[41].
All sociodemographic and lifestyle variables in the current study were chosen because of
their previously established association with MSE [36, 38, 43, 47]. Sociodemographic charac-
teristics were: sex (male or female); age groups (18–24, 25–34, 35–44, 45–54, 55–64, 65–74
or�75 years); education level (primary or lower, secondary, post-secondary [no degree], or
tertiary education [bachelor level or higher]); net monthly equivalised household income,
assessed in quintiles: ‘Quintile 1 (lowest)’ to Quintile 5 (highest); occupational status (student,
employed [full-time or part-time], fulfilling domestic tasks, retired, unemployed, or disabled/
unable to work), physical effort during working tasks (mostly sitting or standing, mostly walk-
ing or tasks of moderate physical effort, mostly heavy labour or physically demanding work),
and degree of urbanisation (densely-populated area, intermediate-populated area, or thinly-
populated area). Lifestyle characteristics were: self-rated health (assessed on a 5 point-scale: 1
‘very good’ to 5 ‘poor’); limitation due to health problems in the last�6 months (severely lim-
ited, limited but not severely, or not limited at all); aerobic MVPA level (‘insufficient’: <149
mins/week or ‘sufficient’:�150 mins/week); and BMI was calculated based on self-reported
measured height and weight, and categorised into: <18.5 kg/m2 (underweight); from�18.5
kg/m2 to<25 kg/m2 (acceptable weight range); from�25 kg/m2 to<30 kg/m2 (overweight);
and�30 kg/m2 (obese).
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Statistical analysis
To enhance population representativeness, each EHIS Wave 2 respondent was provided with a
final sample weight to correct for non-response, oversampling/under-sampling of certain pop-
ulation groups and adjust/calibrate the sample to external data relating to the distribution of
persons in the target population [41]. More information on the development of the sample
weights is available elsewhere [41]. All statistical analyses were conducted using Complex Sam-
ple Module, IBM SPSS 24.0 statistical software (SPSS Inc. an IBM Company, Chicago, IL).
Prevalence rates (in percentage) and their 95% confidence intervals (95% CI) were calcu-
lated for adults reporting: ‘sufficient MSE’ (�2 days/week), or ‘insufficient MSE’ (0–1 days/
week). These prevalence rates are reported for the total sample and across sociodemographic,
lifestyle variables and by country.
Adjusted associations of sufficient/insufficient MSE guidelines (�2 days/week: ‘yes’ vs.
‘no’) with sociodemographic, lifestyle variables and country (explanatory variables) were
assessed using Generalized linear models with Poisson regression with robust error variance to
calculate prevalence ratios (PRs) and their 95% CIs. Two separate Poisson regression models
were conducted: (i) ‘Model 1: Sociodemographic/lifestyle factors’ and; (ii) ‘Model 2: Country’.
Model 1 included the explanatory variables: sex (reference group [ref]: “male”); age (ref: “18–
24 years”); education level (ref: ‘tertiary education [bachelor level or higher]’); net monthly
equivalised household income (standardised across all countries) (ref: ‘Quintile 5’ (highest);
occupational status (ref: ‘student’); physical effort during working tasks (ref: mostly sitting or
standing); degree of urbanisation (ref: ‘densely-populated area’); health (ref: ‘very good’); limi-
tation due to health problems�6 months (ref: ‘not limited at all’); aerobic MVPA level (ref:
sufficient’ (� 150 mins/week); and BMI (ref: acceptable BMI [�18.5 kg/m2 to<25 kg/m2]),
and country was additionally included as covariate. Model 2 included all countries. For this
model, the country with the highest prevalence of sufficient MSE–Iceland—was chosen as the
reference category, with all of the explanatory variables from Model 1 included as covariates.
Our decision to provide PRs based on Poisson regression with the inclusion of the above
covariates is because this modelling approach is considered a more robust statistical approach
than logistic regression reporting odds ratio that is typically presented in cross-sectional epide-
miological studies [48].
To examine whether the mode of survey administration impacted on MSE prevalence
estimates and/or ratios, we conducted three sensitivity analyses across four different modes
of administration: (i) ‘Postal’; (ii) ‘Face-to-Face’; (iii) ‘Telephone’; and (iv) ‘Internet’. First,
we assessed the prevalence of sufficient MSE (�2 days/week) by mode of survey administra-
tion. As shown in S3 Table, when stratified by mode of administration, the MSE prevalence
was lower than the pooled sample (17.3%) for Face-to-Face (11.3%), but higher when report-
ing by Telephone (21.4%), Postal (22.6%) and by Internet (33.0%). Second, we compared
APRs for meeting the MSE guideline across sociodemographic and lifestyle-related factors
by mode of survey administration. As shown in S4 Table, the APRs were lowest via the Face-
to-Face method, but similar across the other three modes. Irrespective of the mode of admin-
istration, the APRs followed similar gradients across most sociodemographic and lifestyle
variables (e.g. declined with age and by income, education level). Last, we compared APRs
for meeting the MSE guideline across sociodemographic and lifestyle-related factors unad-
justed and adjusted by mode of survey administration and demonstrate generally similar
results (S5 Table). Moreover, the overall patterning across sociodemographic and lifestyle
variables was similar in both the adjusted and unadjusted models. Based on these sensitivity
analyses we decided to make further adjustments for the mode of survey administration in
our multivariate models.
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Results
Data from 280,605 adults aged�18 years were included in the analysis. The socioeconomic
and lifestyle variables are shown in Table 1. In brief, 52.1% were female, 18.4% were aged 45–
54 years, 20.8% had a tertiary education, 53.0% were employed, 45.1% reported ‘most sitting
or standing’ for working tasks and 37.5% lived in a densely-populated area. A total of 23.0%
rated their health as ‘very good’, 73.3% reported not being limited by health problems in the
last six or more months, 36.1% reported sufficient aerobic MVPA and 45.5% had an ‘accept-
able’ BMI (18.5–25.0 kg/m2).
For the total sample, 17.3% (95% CI: 17.1%-17.5%) reported sufficient MSE (�2 days/
week). As shown in Fig 1 (data shown in S1 Appendix), there was a large variation in propor-
tions reporting sufficient MSE between countries. Compared to those from South-eastern
European countries, those from Northern countries had higher prevalence levels. Specifically,
adults from Iceland, Sweden and Finland reported the highest prevalence of sufficient MSE
(range: 51.6% to 34.1%), while those from Romania, Poland, Malta and Cyprus reported the
lowest MSE prevalence (range: 0.7% to 7.4%).
The findings of the multivariate-adjusted analysis across sociodemographic and lifestyle
factors are shown in Table 2. Compared to males, females were less likely to report sufficient
MSE (Adjusted Prevalence Ratio [APR] = 0.80; 95% CI: 0.79–0.81). The APRs declined with
age and self-rated health, with the lowest for these factors observed among the oldest age
group (�75 years; APR = 0.25; 95% CI: 0.24–0.26) and those reporting ‘very bad’ self-rated
health (APR = 0.17; 95% CI: 0.16–0.19). Compared to those in the highest income category,
the APRs decreased across each lower-income category and were equally lowest in Quintiles 2
(APR = 0.63; 95% CI: 0.62–0.64) and 1 (APR = 0.63; 95% CI: 0.61–0.64). In comparison to stu-
dents, all other employment status categories were less likely to report sufficient MSE, with the
lowest APRs observed among those fulfilling domestic tasks (APR = 0.23; 95% CI: 0.22–0.24).
Compared to those who were mostly sitting or standing for working tasks, those who engaged
in mostly heavy labour or physically demanding work were less likely to meet the MSE guide-
line (APR = 0.96; 95% CI: 0.95–0.98).
In contrast to those living in densely-populated areas, those living in the intermediate-
populated area and the thinly-populated area had 8% and 27% lower likelihood of reporting
sufficient MSE, respectively. Lower APRs were observed among those who reported some
limitations due to health problems�6 months (APR = 0.74; 95% CI: 0.73–0.76) and severe
limitations (APR = 0.56; 95% CI: 0.55–0.58), compared to those who reported no limitations.
Compared to their active counterparts, those reporting insufficient aerobic MVPA were 92%
less likely to report sufficient MSE. Respondents who were classified as obese were 47% less
likely to report sufficient MSE than acceptable weight counterparts.
The results of the multivariate adjusted analysis by EHIS Wave 2 participating countries
is shown in Table 3. After adjusting for sociodemographic and lifestyle factors, compared to
the country with the highest MSE prevalence—Iceland, all other countries were less likely to
achieve sufficient MSE. The APRs were>80% lower among samples from Romania, Poland,
Malta, Croatia, Cyprus, Bulgaria, Portugal, Lithuania, and Greece.
Discussion
To our knowledge, this is the first study to describe the prevalence and correlates of MSE
among nationally representative samples of adults across multiple European counties. The key
findings were first, over 80% of European adults do not meet the global MSE guidelines of 2 or
more days per week, and second there was an apparent geographical pattern with MSE preva-
lence highest among adults from Northern European countries.
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Table 1. Sample characteristics and weighteda percentage and 95% confidence intervals (95% CI) of muscle-strengthening exerciseb guideline adherence: Overall
and by sociodemographic and lifestyle-related factors.
Muscle-strengthening exerciseb guideline adherence
‘Insufficient’ 0–1 days/week ‘Sufficient’�2 days/week
n Weighteda % (95% CI) Weighteda % (95% CI)
Total sample 280,605 82.7 (82.5–82.9) 17.3 (17.1–17.5)
Sex n (%a)
Male 127,075 (47.9) 80.2 (79.8–80.5) 19.8 (19.5–20.2)
Female 153,530 (52.1) 85.0 (84.7–85.3) 15.0 (14.7–15.3)
Age (years)
18–24 21,427 (9.2) 69.7 (68.7–70.5) 30.4 (29.5–31.3)
25–34 35,952 (16.0) 77.5 (76.8–78.1) 22.5 (21.9–31.3)
35–44 46,522 (17.6) 83.3 (82.8–83.7) 16.7 (16.3–17.2)
45–54 51,177 (18.4) 84.0 (83.5–84.4) 16.0 (15.6–16.5)
55–64 50,188 (16.0) 86.1 (85.6–86.5) 13.9 (13.5–14.4)
65–74 42,447 (12.2) 86.1 (85.6–86.6) 13.9 (13.4–14.4)
�75 32,892 (10.6) 89.6 (89.1–90.2) 10.4 (9.8–10.9)
Education level
Primary or lower 41,827 (11.9) 95.4 (95.0–95.7) 4.6 (4.3–5.0)
Secondary 155,442 (57.9) 83.7 (83.5–84.0) 16.3 (16.0–16.5)
Post-secondary (no degree) 28,973 (9.4) 76.1 (75.3–76.8) 23.9 (23.2–24.7)
Tertiary education; (bachelor level or higher) 24,875 (20.8) 75.6 (75.1–76.1) 24.4 (23.9–24.9)
Net monthly equivalised household income
Quintile 1 (lowest) 50,439 (18.9) 85.3 (84.9–85.6) 14.7 (14.2–15.1)
Quintile 2 52,760 (19.6) 84.9 (84.5–85.8) 14.7 (14.2–15.1)
Quintile 3 53,605 (19.8) 83.1 (82.6–83.6) 16.9 (16.4–17.4)
Quintile 4 53,671 (20.5) 81.3 (80.8–81.8) 18.7 (18.2–19.2)
Quintile 5 (highest) 53,039 (21.3) 77.7 (77.3–78.2) 22.3 (21.8–22.9)
Occupational status
Student 13,041 (5.0) 68.4 (67.2–69.5) 31.6 (30.5–32.8)
Employed (full-time or part-time) 136,380 (53.0) 80.3 (80.0–80.6) 19.7 (19.4–20.0)
Fulfilling domestic tasks 15,740 (6.1) 92.0 (91.4–92.6) 8.0 (7.4–8.6)
Retired 80,274 (24.4) 87.4 (87.1–87.8) 12.6 (12.2–12.9)
Unemployed 27,045 (9.2) 84.7 (84.1–85.4) 15.3 (14.6–15.9)
Disabled/unable to work 6,696 (2.2) 89.0 (87.8–90.1) 11.0 (9.9–12.2)
Physical effort during working tasks
Mostly sitting or standing 125,580 (45.6) 82.4 (82.1–82.7) 17.6 (17.3–17.9)
Mostly walking or tasks of moderate physical effort 105,985 (36.4) 82.6 (82.3–80.3) 17.4 (17.0–17.7)
Mostly heavy labour or physically demanding work 20,050 (7.9) 82.1 (81.3–82.9) 17.9 (17.1–18.7)
Degree of urbanisation
Densely-populated area 97,108 (37.5) 80.8 (80.4–81.1) 19.2 (18.9–19.6)
Intermediate-populated area 82,944 (32.1) 81.9 (81.5–82.2) 18.1 (17.8–18.5)
Thinly-populated area 100,259 (30.3) 86.0 (85.7–86.3) 14.0 (13.7–14.3)
Self-rated health
Very good 60,851 (23.0) 74.5 (74.0–75.0) 22.5 (25.0–26.0)
Good 122,536 (46.2) 82.2 (81.9–82.5) 17.8 (17.5–18.1)
Fair 70,108 (22.7) 88.4 (88.0–88.8) 11.6 (11.2–12.0)
Bad 20,897 (6.3) 92.3 (91.7–92.9) 7.7 (7.1–8.3)
Very bad 5,331 (1.6) 94.9 (93.8–95.8) 5.1 (4.2–6.2)
(Continued)
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Despite its multiple health benefits [7, 8, 26] and inclusion in global physical activity guide-
lines for over a decade [37], MSE is rarely assessed in physical activity surveillance [33]. In fact,
while cross-country comparisons of aerobic MVPA [40, 49, 50] and sedentary behaviour [51–
53] are common, ours is the first study to describe the prevalence and correlates of MSE simul-
taneously across multiple countries. Notably, our data suggest that compared to prevalence
estimates of sufficient aerobic MVPA [40, 49, 50], a far lower proportion of adults meet the
MSE guideline. For example, Guthold et al., (2018) showed that across multiple European
countries, ~60% meet the MVPA guideline (�150 minutes/week) [49]. In comparison, our
European data suggest that over 3-fold fewer adults meet the MSE guideline (17.3%;�2 days/
week).
Comparisons to previous global MSE data suggest that adults from Iceland (51.5%), Sweden
(38.4%) Denmark (34.3%), Finland (34.1%) and Austria (32.5%) report higher levels of MSE
guideline adherence than those observed in public health surveillance samples from the U.S.
[43, 44, 47] and Australia [54] (range: 18.6%-30.2%). However, given that these studies have
used different survey instruments, data collection methods and sample sizes, we urge caution
when interpreting this result. Concerningly, our data showed that in over 50% of EHIS Wave 2
participating countries, >85% of the adults did not report sufficient MSE (See data shown in
S1 Appendix).
A further key finding of the current study was the apparent geographical pattern of MSE
guideline adherence across EHIS Wave 2 participating European countries. Compared to
those from Northern European countries (Iceland, Sweden, Denmark, Finland), those from
South-eastern countries (Romania, Bulgaria, Malta, Cyprus) had lower MSE prevalence.
Within the context of the present study, we are only able to speculate on the cause(s) of this
geographical pattern. However, a key influence is likely to be the vast wealth inequalities
across European countries, with a clustering of high-income countries in Northern Europe
and middle-income countries tending to be clustered in the south and east regions [55].
Wealth inequalities may effect MSE participation via multiple ways. Foremost, given MSE
Table 1. (Continued)
Muscle-strengthening exerciseb guideline adherence
‘Insufficient’ 0–1 days/week ‘Sufficient’�2 days/week
n Weighteda % (95% CI) Weighteda % (95% CI)
Limitation due to health problems�6 months
Severely limited 21,988 (7.0) 89.4 (88.8–90.0) 10.6 (10.0–11.2)
Limited but not severely 63,319 (19.7) 85.9 (85.5–86.3) 14.1 (13.7–14.5)
Not limited at all 192,260 (73.3) 81.2 (80.9–81.4) 18.8 (18.6–19.1)
Aerobic MVPA level
Insufficient (<149 mins/week) 182,253 (63.6) 96.5 (96.3–96.6) 3.5 (3.4–3.7)
Sufficient (�150 mins/week) 96,788 (36.1) 58.8 (58.3–59.2) 41.2 (40.8–41.7)
Body Mass Index (kg/m2)
Underweight (<18.5) 9,845 (3.8) 86.2 (85.1–87.2) 13.8 (12.8–14.9)
Acceptable (18.5–24.99) 120,638 (45.5) 79.1 (78.8–79.4) 20.9 (20.6–21.2)
Overweight (25–29.99) 101,202 (35.0) 84.3 (83.9–84.6) 15.7 (15.4–16.1)
Obese (�30) 46,221 (15.7) 88.5 (88.1–89.0) 11.5 (11.0–11.9)
aWeighted using final individual weights specified in the European Health Interview Survey (EHIS wave 2) methodological manual [41].
b Muscle-strengthening exercise defined as physical activities specifically designed to strengthen muscles, such as doing resistance training or strength exercises (using
weights, elastic band, own body weight, etc.) or push-ups (press-ups)/knee bends (squats).
https://doi.org/10.1371/journal.pone.0242220.t001
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typically requires access to equipment (e.g. barbells, machines, resistance bands) [56] and spe-
cific facilities (e.g. fitness centres/gyms) [57], it is conceivable that those within high-income
countries are more able to afford such access, compared to those from lower income countries.
Moreover, it is possible that there is a high accessibility to community-based recreational facili-
ties [58, 59] and fitness trainers in the high-income areas [60]. It is also possible that different
cultural norms around MSE might be driving these large variations across Europe. For exam-
ple, among countries with the higher MSE prevalences, more meaning and value being may be
placed on MSE as a leisure-time activity, compared to countries with lower MSE levels. Fur-
thermore, cultural differences in interpreting survey items related to MSE, and reporting
biases may have contributed to some of the differences between countries. While the EHIS-
PAQ underwent extensive psychometric testing, it was only tested among adults from three
countries—Belgium, Estonia and Germany [45]. Hence, when considering the wide range of
Fig 1. Proportion of people 18 years and older who report muscle-strengthening exercisea two or more times per week by countryb. aMuscle-
strengthening exercise defined as physical activities specifically designed to strengthen muscles, such as doing resistance training or strength exercises
(using weights, elastic band, own body weight, etc.) or push-ups (press-ups)/knee bends (squats). (Data shown in S1 Appendix). bThis figure was
generated using the open source statistical software R (version 4.0.2; R Core Team [2020]. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/.), and the following mapping packages available via the CRAN
network: "rnaturalearth" and "rnaturalearthdata". rnaturalearth: World Map Data from Natural Earth. R package version 0.1.0. https://CRAN.R-project.
org/package=rnaturalearth. These packages facilitate interaction with Natural Earth map data (http://www.naturalearthdata.com/) and are public
domain dataset commonly used in world mapping, and as such does not contravene any copyright law.
https://doi.org/10.1371/journal.pone.0242220.g001
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Table 2. Adjusted prevalence ratioa and 95% confidence intervals (95% CI) for meeting the muscle-strengthening
exerciseb guideline by sociodemographic and lifestyle-related factors.
Sufficient muscle-strengthening exercisec (�2
days/week)
Adjusted Prevalence Ratiob (95%CI)
Sex (reference [ref]: Male)
Female 0.79 (0.78–0.80)







Education level (ref: Tertiary education; �bachelor level)
Post-secondary (no degree) 0.16 (0.15–0.17)
Secondary 0.63 (0.62–0.64)
Primary or lower 0.90 (0.88–0.92)
Monthly household income (ref: Quintile 5[highest])
Quintile 4 0.61 (0.60–0.63)
Quintile 3 0.60 (0.59–0.62)
Quintile 2 0.70 (0.69–0.72)
Quintile 1 (lowest) 0.80 (0.78–0.82)
Occupational status (ref: Student)
Employed (full-time or part-time) 0.56 (0.25–0.29)
Fulfilling domestic tasks 0.22 (0.21–0.24)
Retired 0.28 (0.27–0.29)
Unemployed 0.40 (0.38–0.41)
Disabled/unable to work 0.27 (0.25–0.29)
Physical effort during working tasks (ref: Mostly sitting or
standing)
Mostly walking or tasks of moderate physical effort 1.01 (0.98–1.04)
Mostly heavy labour or physically demanding work 0.96 (0.95–0.98)
Degree of urbanisation (ref: Densely-populated area)
Intermediate-populated area 0.90 (0.89–0.92)
Thinly-populated area 0.70 (0.69–0.71)




Very bad 0.18 (0.16–0.20)
Limitation due to health problems�6 months (ref: Not at
all)
Limited but not severely 0.73 (0.70–0.79)
Severely limited 0.57 (0.75–0.79)
Aerobic MVPA level (ref: Sufficient [(�150 mins/week)])
Insufficient (<149 mins/week) 0.09 (0.09–0.09)
Body Mass Index (kg/m2) (ref: Acceptable [18.5–24.99])
Underweight (<18.5) 0.67 (0.64–0.70)
Overweight (25–29.99) 0.73 (0.72–0.74)
(Continued)
PLOS ONE Muscle-strengthening exercise in Europe
PLOS ONE | https://doi.org/10.1371/journal.pone.0242220 November 25, 2020 10 / 18
languages/cultures within the other EHIS Wave 2 countries included in the current paper, it is
possible that issues with comprehension of the MSE items may be driving these geographical
patterns. Irrespective of the causes of this geographical patterning, our data clearly show that
MSE prevalence is generally low across Europe. In particular, for maximal public health bene-
fits, our data highlight the need for large-scale national MSE interventions specifically within
South-eastern European countries.
A further consideration is that the survey item used in the current study is likely to have
only assessed MSE during leisure-time. Hence, it is possible muscle-strengthening activities
accrued during occupational (e.g. yard work, labouring) and domestic tasks (e.g. gardening,
carry shopping bags) were not captured. However, given that over the past 50 years techno-
logic advancements have resulted in a decline in energy expenditure within household/occu-
pational domains [70], it is questionable whether many adults engage in significant MSE
within these contexts. Moreover, since occupational and domestic tasks often are repetitive,
commonly require awkward body positions such as stooping, kneeling, and squatting [71],
and are often too low in intensity or not long enough in duration to have meaningful health
benefits, there is an argument to suggest that muscle-strengthening activities within these con-
texts may even have negative health consequences (e.g. increase risk of musculoskeletal disor-
ders, chronic low-grade inflammation, elevated blood pressure) [71, 72]. A further point of
consideration regarding the assessment instrument used in the current study is given that the
EHIS MSE survey item specifically stipulated the reporting of ‘traditional’ MSE-related activi-
ties (e.g. resistance training, push/ups sit-ups, using resistance bands), it is unlikely to have
captured some exercise modes that are predominantly associated with MVPA, but have the
potential to have some muscle-strengthening effects (e.g. swimming, walking up an incline).
As opposed to the current practice of using ‘muscle-strengthening exercise’ as an umbrella
term for all its associated exercise modes, future research should consider using survey items
that allow for the identification of multiple types of MSE and other physical activity/exercise
modes of activity that have muscle-strengthening qualities [61].
The sociodemographic and lifestyle-related correlates of MSE observed in the present study
are largely concordant with past research. Similar studies have shown inverse associations
between meeting the MSE guideline for age, education/income levels and body mass index
[34, 36, 43, 44, 47, 62]. Moreover, studies have consistently shown that males and students are
more likely to meet the MSE guidelines, compared to females and other occupational groups
[34, 38, 43, 44]. These consistent findings underscore the future need to target specific popula-
tion subgroups most ‘at risk’ of low MSE participation. Some examples include providing tai-
lored MSE interventions for women and older adults that aim to specifically target chronic
health conditions that affect these populations, such as enhancing bone health [21], limiting
Table 2. (Continued)
Sufficient muscle-strengthening exercisec (�2
days/week)
Adjusted Prevalence Ratiob (95%CI)
Obese (�30) 0.50 (0.49–0.51)
a Prevalence ratio calculated using Poisson regression with a robust error variance and adjusted for all other
explanatory variables in the table, country and by mode of survey administration.
b Muscle-strengthening exercise defined as physical activities specifically designed to strengthen muscles, such as
doing resistance training or strength exercises (using weights, elastic band, own body weight, etc.) or push-ups
(press-ups)/knee bends (squats).
https://doi.org/10.1371/journal.pone.0242220.t002
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the loss of muscle mass [27] and improving functional status [28]. Our finding on how MSE is
patterned across Europe by degree of urbanisation is similar to our earlier Australian study
[38], and suggest that efforts should be made to increase participation levels among those liv-
ing outside high-density urban/metropolitan settings. Since the sociodemographic and life-
style-related correlates of MSE are now becoming established [34, 36, 43, 44, 47, 62], similar to
research on the correlates of aerobic MVPA [63, 64], we call for more research to assess the
potential for a wider range of influences, such as social (behavioural modelling, social norms
etc.) and physical environmental factors (access to equipment/facilities etc.).
The low MSE prevalence levels presented in the current study suggest an urgent need to
promote/support the uptake of this physical activity mode across Europe. However, it is
Table 3. Adjusted prevalence ratioa and 95% confidence intervals (95% CI) for meeting the muscle-strengthening
exerciseb guideline (�2 days/week) by Country.
Sufficient muscle-strengthening exercise b (�2 days/week)




























a Prevalence ratio calculated using Poisson regression with a robust error variance and adjusted for sex, age,
education, income, occupational status, physical effort during working tasks, degree of urbanisation, self-rated
health, limitation due to health problems �6 months, aerobic MVPA, Body Mass Index and mode of survey
administration.
b Muscle-strengthening exercise defined as physical activities specifically designed to strengthen muscles, such as
doing resistance training or strength exercises (using weights, elastic band, own body weight, etc.) or push-ups
(press-ups)/knee bends (squats).
https://doi.org/10.1371/journal.pone.0242220.t003
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acknowledged that MSE is a complex behaviour that has multifaceted health promotion
challenges. For example, some forms of MSE require access to basic equipment (resistance
machines/barbells) [65], confidence/ability to perform MSE-related activities (push-ups,
lunges, squats) [66] and the possibility of overcoming numerous ingrained negative stereo-
types (e.g. fear of excessive muscle gain, injury or association with hyper-masculine settings)
[67–70]. If national governmental health departments across Europe expect meaningful
increases in MSE at the population-level, it is incumbent upon them to provide supportive
policy, as well as social and physical environments. In brief for example, future policy-based
MSE-promotion strategies may consider increasing access to affordable community facilities
(e.g. health clubs/fitness centres, outdoor gyms/exercise equipment) [71], the subsidising of
MSE equipment (e.g. dumbbells, resistance bands) and providing mass media campaigns rec-
ommending MSE as central for optimal health, and challenging its negative stereotypes. Last,
given that the maintenance of muscle mass and function is a key determinant of health across
the lifespan [72], future attempts should be made to encourage MSE among younger popula-
tions. A key example may be providing MSE-promotion in school-based settings, as this might
encourage greater adoption and/or maintenance of MSE among younger populations as they
track into adulthood.
A key limitation of this study is the use of self-report MSE assessments. We are unable to
exclude the possibility this led to difficulties typically associated with self-reported physical
activity assessment, such as recall/social disability bias and issues around comprehension of
survey items [73]. In contrast to aerobic MVPA, there is presently no available device-based
assessment method (i.e. accelerometers/inclinometers) to measure MSE in large population
studies. Hence in physical activity surveillance, MSE is presently solely assessed by self-report.
Another limitation is that the publicly available data set did not include information on cluster
units within each EHIS Wave 2 country. Last, the modest EHIS Wave 2 response rate may
have also impacted on our MSE estimates. It is likely that non-responders are among the
least active, and despite the steps to provide individual weighting factors to correct for non-
response and over/under sampling, the MSE prevalence estimates presented here are likely to
be underestimated.
Strengths of this study include the recruitment of a nationally representative samples of
adults across multiple countries, the use of a harmonised MSE assessment tool and standard-
ised data collection procedures. These data can be compared to future studies using similar
MSE assessments and methodologies. A further strength was the inclusion of a wide variety of
sociodemographic and lifestyle-related categories which provides a unique insight into how
MSE is patterned across multiple population sub-groups.
Conclusions
The vast majority of European adults do not meet the MSE guidelines. In particular, there was
a geographical pattern for populations from South-eastern Europe to have the lowest MSE lev-
els. Future large-scale MSE interventions should target older adults, those with low education/
income, females and those from non-urban settings. Lack of MSE is highly prevalent across
Europe, and warrants immediate public health action.
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